Nanocrystalline spinel ferrites with general formula of MnxZn1−xFe2O4; x = 1.0, 0.8, 0.6, 0.4, 0.2, 0.1 were prepared via co-precipitation method at 75 °C and pH 11. The XRD results showed that the doping of Zn ions into ferrite's structure resulted in the reduction of both crystallinity and crystallite size. The results also revealed that the synthesized MnxZn1−xFe2O4 crystalline in spinel cubic structure with particle size range of 13.0 -22.5 nm. Field emission scanning electron microscopy (FESEM) images showed an increase in particle size with the decreasing Zn content. The types of chemical covalent bonds which existed in the samples were determined via Fourier transforms infrared (FTIR) spectroscopy.
1.0 INTRODUCTION
In recent years, spinel ferrites nanoparticles of MnxZn1−x Fe2O4 have attracted considerable interest due to their widespread fundamental and technological importance [1] . These materials are versatile for various technological applications including magnetic recording, biomedicine, targeted drug delivery, magnetic fluids, data storage, spin-tonics, solar cells, sensors and catalysis [2] . They can also be employed for pharmaceutical and biomedical purposes, as well as in electronic applications. In fact, magnetic nanoparticles have been widely used in the synthesis of magnetic ferrofluid and utilized as biologically active molecules. It was reported that Mn-Zn ferrites are potential candidates as transfer devices and they can be used in drug delivery system and medical diagnostics especially in cancer treatments [3] [4] .
Mn and Zn modified ferrites have unique physical and chemical properties such high magnetic permeability and low core loss; the high-permeability low-power losses optical, magnetic, thermal and mechanical properties [5] [6] . The physical and chemical properties of magnetic ferrite nanoparticles largely depend on the synthesis method and preparation conditions. Therefore, several techniques have been developed to synthesize nanoparticles of Zn-Mn ferrite, such as high-energy ball milling [7] [8] , co-precipitation [9] , sol-gel [10] , hydrothermal synthesis method [11] and micro emulsion technique [12] . The coprecipitation method appears to be the most promising method due to its simplicity and high productivity. This method is also able to produce products with narrow size distribution, small particle sizes and controllable shape. In fact, this method has been widely used for biomedical applications due to the ease of implementation [13] [14] . The different properties of spinel structure are controlled by the cation distribution between the tetrahedral A-site and octahedral B-site. The cation distribution depends on the ionic radii of the cation, preparation method, condition for preparation, chemical composition, sintering temperature, doping and substitution process [5] . Zn0.4Mn0.6Fe2O4
Zn0.6Mn0.4Fe2O4
Zn0.8Mn0.2Fe2O4
The spinel ferrite has a general formula, AB2O4. These ferrites, possessing the cubic spinel structure, are described with the formula of AB2O4, where; A and B refer to the tetrahedral and octahedral cation sites, respectively. The types of cations and their distribution between the two interstitial sites in the ferrites, determine many of the intrinsic magnetic properties of the ferrites [6] [7] [8] . Zinc ferrite, ZnFe2O4 is a normal spinel structure, where Zn 2+ preferably occupies the tetrahedral sites due to its affinity for sp 3 bonding with oxygen anions, leaving all the ferric ions on the octahedral sites. The normal spinel structure, ZnFe2O4, is paramagnetic at room temperature due to super weak exchange interaction which could be attributed to right angle in Fe 3+ -OFe 3+ [15] . On the other hand, MnFe2O4 has partially inverse spinel structure consisting of manganese and ferric ions occupying both tetrahedral (A) and octahedral (B) sites. It has been reported that MnxZn1-xFe2O4 possessed a mixed spinel structure as cations Me 2+ and Fe 3+ occupied both A and B-positions [16] [17] [18] . The magnetic and electronic properties of these ferrites are dependent of their chemical composition, preparation method, grain size and distribution of cations between the two interstitial sites [14] .
In this study, Mn-Zn ferrite nanoparticles were synthesized via co-precipitation technique. Metallic chlorides of Mn and Fe were used as the precursors in the synthesis procedure. The effect of zinc concentration on the physical and morphological properties on the Mn ferrites was also investigated.
2.0 EXPERIMENT
A series of MnxZn1−x Fe2O4; x = 1.0, 0.8, 0.6, 0.4, 0.2, 0.1 were prepared via co-precipitation method. The chemical reagents used were ferric chloride (FeCl3), manganese(II) chloride (MnCl2,4H2O), zinc chloride (ZnCl2) and sodium hydroxide (NaOH). Appropriate amount of the metal chlorides were dissolved in water. The mixture solution was stirred in a reactor for 10 minutes; followed by steady addition of sodium hydroxide solution (1 M). The mixture was stirred at pH 11 at 75 °C for 1 hour. The resulting black precipitate was filtered and washed with distilled water then dried in an oven at 70 °C for 1 hour. The resulted powder was calcined at 700 °C.
The synthesized samples were characterized by X-ray diffraction (XRD using an X-ray diffractometer with highintensity CuKa radiation (l = 1.5418 Å).The XRD patterns were recorded at a scanning rate of 0.05 º s -1 with the 2θ range of 20 to 60º. Fourier transformed infrared (FTIR) spectra were taken using Perkin Elmer 5DX FTIR after mixing 1 mg of ferrite sample with 100 mg of potassium bromide (KBr). Meanwhile, scanning electron microscopy (FESEM) images were taken with a FE-SEM JSM-671F.
3.0 RESULTS AND DISCUSSION
The XRD spectra of all the synthesized samples are shown in Figure 1 . The results depicted that MnFe2O4 is crystalline with inversed spinel structure in cubic phase and Fd3m space group (JCPDS card No. 75-0034) [19] . Meanwhile, ZnFe2O4 crystallined in normal spinel structure [20] . Obviously, the introduction of Zn into MnFe2O4 has caused the changes in crystal structure from inverse spinel structure to normal spinel structure. The Zn doped MnFe2O4 samples were crystallined in mixed spinel structure. Solid solution was formed for those Zn doped MnFe2O4 samples. Besides that, the crystallinity of the materials dropped after the addition of Zn.
The crystallite size of MnxZn1-x Fe2O4 was calculated based on Scherrer equation.
D = dλ/(β cos θ)
where D is the average crystallite size of the phase under investigation, d is the Scherrer constant (0.89), λ= (1.5418 Ǻ) is the wave length of X-ray beam used and β is the full-with half maximum (FWHM) of broadening and θ is the angle of diffraction. The crystallite size was measured by Scherrer's formula using half width of the prominent peak of maximum intensity (311) plane. The results shown in Table 1 depicts that the crystalline size of all the samples was in the range of 12.95 -22.50 nm. Crystalline size of MnFe2O4 (22.50 nm) decreased linearly with increasing amount of Zn content. The decrease can be explained by the substitution of Mn 2+ (0.83 Å) with Zn 2+ (0.74 Å), which has smaller ionic radii [21] . Similarly, the reduction in both lattice parameter a and volume of the synthesized MnxZn1-xFe2O4 were observed when the amount of Zn increased in the sample. Figure 2 shows the FESEM images of the MnxZn1-xFe2O4 samples. As can be seen, the shape of the particles was in a disordered array. Besides that, agglomeration that was observed in the all samples could be due to magnetic properties of the compounds. Analysis will be carried out to determine the magnetic properties of the materials to confirm the statement. Obviously, variation in Zn amount did not give significant effect to the morphology of the samples. The particle size ranged from 20-39 nm, confirming the formation of MnxZn1-xFe2O4 nanoparticles. The particle size obtained was in good agreement with those calculated using Scherrer's equation (Table 1) FTIR spectra of the synthesized MnxZn1−xFe2O4 nanoparticles are illustrated in Figure 3 . The spectra show characteristic peaks of magnetite powder: metal-oxygen band observed at 590 cm −1 that corresponds to intrinsic stretching vibrations of the metal at tetrahedral site (Mtetra-----O), whereas metal-oxygen band observed at 445 cm −1 is assigned to octahedral-metal stretching (Mocta------O) [19, 22] . The differentiation in these two peaks refers to the formation of different spinel structures: normal spinel structure for ZnFe2O4; inverse spinel for MnFe2O4 and mixed spinel structure for Zn doped MnFe2O4 samples. It can also be observed that the bending and stretching modes of O-H hydroxyl groups at 1397 and 3504 cm -1 , respectively, exist in all of the samples, even after calcinations. As observed, these adsorption peaks were more intense in Zn-doped samples as compared to MnFe2O4. The results may imply that the introduction of Zn has increased the hydrophilicity of the Mn ferrite. 
4.0 CONCLUSION
A series of MnxZn1−xFe2O4 nanoparticles have been successfully synthesized via co-precipitation method. Results showed that the Zn doping into MnFe2O4 has caused changes in the crystal structure from inverse spinel structure to normal spinel structure. Besides that, the crystallinity and crystalline size of the samples decreased from 22.50 to 12.95 nm, upon the introduction of Zn. Due to the smaller ionic radii of Zn 2+ , reduction in both lattice parameter a and volume of the crystal was observed. However, Zn did not have any significant effect on the morphology of the resulted samples. The presence of Zn has affected the type of metal-oxygen band formed in the samples. 
